JNK is phosphorylated and activated in response to stress and TNFα treatment [4] . TNFα-induced JNK activation is associated with the initiation of apoptosis [5, 6] .
Threonine 202/ Tyrosine 204 ERK is phosphorylated in response to numerous external stimuli, including TNFα [7] . TNFα may inhibit ERK activation triggered by receptor tyrosine kinase signals [8] .
Tank binding kinase 1 (p-TBK1)
Serine 172 TBK1 interacts with TNF receptor-associated factor 2 (TRAF2) and TRAF binding protein (TANK) to promote TNFα-induced NF-κB activation [9] .
p38 mitogen activated kinase (p-38)
Threonine 180/ Tyrosine 182 p38 is activated by dual phosphorylation at threonine 180 and tyrosine 182 in response to TNFα and other stress signals [10] .
Threonine 573 RSK is phosphorylated at threonine 573 by ERK in response to mitogenic stimulation [11] . CREB is a RSK substrate [12] .
cAMP response element-binding protein (p-CREB)
Serine 133 CREB is rapidly phosphorylated in response to TNFα treatment [13] . Serine 133 is a critical regulatory site that can be phosphorylated through p38 and ERK pathways [14] .
Jun subunit of activating protein-1 transcription factor (p-cJun)
Serine 73 c-Jun can be phosphorylated at serine 63 and 73 by JNK [15] . TNFα-induced serine 73 phosphorylation increases c-Jun transcriptional activity and expression level [16] .
MAP kinase activated protein kinase 2 (p-MK2)
Threonine 334 MK2 is activated by phosphorylations at threonine 334 and other residues after chemical stress [17] .
Protein kinase B (p-AKT)
Serine 473 AKT can be activated by TNFα [18] , and may be required for TNFα-induced activation of NF-κB [18, 19] .
Glycogen synthase kinase 3β (p-GSK3β) Serine 9 GSK-3β is involved in both cell survival and death through the regulations of numerous factors, including NF-κB, βCat and CREB [20] . Inhibition of GSK-3β sensitizes hepatocytes to TNFα-induced apoptosis [21] .
Beta catenin (p-βCat)
Serine 675 Phosphorylation of βCat at serine 675 by protein kinase A induces its nuclear accumulation and transcriptional activity [22] . βCat is negatively regulated by GSK-3β [23] .
Heat shock protein 27 (p-HSP27)
Serine 82 TNFα and interleukin-1 treatments can stimulate HSP27 phosphorylation [24] . 
